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ABSTRACT  

Radar-based sensors for measuring the refractory thickness and detecting early stage glass 

infiltration into sidewall and furnace bottom insulation have been in development for several years. 

The technology has been validated with blind trials at container, float, and tableware furnaces with 

major industry members.  As the technology is finding its widespread use in the industry, there 

have been efforts both by the industry members and the insurance industry to embrace radar-based 

sensors as a new industry standard in furnace inspection, maintenance, and risk management. 

In this paper, we will discuss the underlying fundamentals behind the sensor technology, and field 

studies demonstrating use of this technology in advanced furnace inspection and maintenance, in 

hot and cold repair optimization and furnace bottom and sidewall monitoring to prevent 

catastrophic glass leaks.  

CURRENT NEEDS OF INDUSTRY  

The need for furnace inspection normally falls into one of three categories. First and most urgent 

is the need to monitor a critical stage furnace in its last years of operation. Glass manufacturers 

must balance the risk of safety concerns with the goal to maximize production and meet scheduled 

orders. Second is the need to efficiently schedule furnace maintenance or furnace rebuilds. Finally, 

strategic decisions must be made about furnace operations, such as job changes, what type glass 

to produce depending on its impact on the health of furnace. 

 

The industry currently relies on speculative inspection techniques such as IR sensors, visual 

inspection, and other indirect methods such as historical data. In this paper, we are proposing 

SmartMelter radar technology that puts an end to all the speculation and provides deterministic 

data on actual furnace health. Using this technology, manufacturers can make smarter decisions 

about maintenance and replacement of capital assets. 

 

SMARTMELTER RADAR-BASED SENSORS 

PaneraTech has been developing radar based Refractory Thickness Sensors (RTS) and Furnace 

Tomography Sensors (FTS) for the last several years. The former measures residual glass contact 

wall thickness such as fused-cast AZS and high zirconia thickness on operational furnace. The 

latter identifies and images early stage glass penetration into refractory for furnace risk 

management. These tools have been developed with the user and environment in mind: they 

survive the harsh glass factory environment and temperatures and are light weight and easy to use 

to enable quick inspections. These tools are integrated together into the SmartMelter Software 

Solution. This solution, represented below in Figure 1, is a combination of these gadgets, with 
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furnace asset management software and a mapping and tracking system, enabling efficient and 

repeatable inspection for these gadgets. 

 

The combination of the data acquired from inspections using these sensors and brings actionable 

information to the furnace operators’ fingertips. Such data from the sensors can be represented in 

reports and real-time furnace views. For example, notional drawings of a furnace that has had 

several inspections completed with the RTS tool is shown in Figure 2. With such visualization, an 

operator can know very quickly the health of the glass lining, high risk areas, and the historical 

progression erosion of the AZS refractory that can be strongly dependent on furnace operations. 

 

 

Figure 1.  SmartMelter Solution Components 

 

SMARTMELTER RADAR TECHNOLOGY VALIDATION 

SmartMelter radar technology has been developed in partnership with major industry partners for 

almost a decade. The technology has been validated by various blind trials performed by Saint-

Gobain, Cardinal Glass, Libbey Glass, Verallia and IPGR (consortium of container glass 

manufacturers involving Vidrala, Sisecam, Gallo Glass, Vetropack etc.) These trials have been 

performed on furnaces where they were prepared for either hot or cold repair. SmartMelter 

measurements were performed one week before the furnace drain and the results were reported to 

the manufacturers. The manufacturers later compared the SmartMelter measurements with actual 

physical refractory thickness and found that the SmartMelter measures actual refractory thickness 
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within 3mm -5 mm of the actual thickness. These trials are already presented in earlier publications 

of Glass Problems Conference Proceeding and will not be repeated here for the sake of brevity.  

 

 

Figure 2.  Example Refractory Thickness Risk View of a Furnace as Would be Integrated into 

the SmartMelter Solution 

 

FURNACE RISK AND ASSET MANAGEMENT 

When a furnace is at critical stage, risk management becomes a central component of operations. 

Net production costs and profit yield must be managed with an eye on furnace health as the risk 

of a glass leak increases. Glass infiltration into furnace bottoms and sidewalls becomes an area of 

high concern. SmartMelter provides risk management solutions for bottoms and sidewalls that are 

based on deterministic data, creating more confidence. This leads to higher efficiency and 

reliability for customers. 

 

Glass Leak Risk Management: Monitoring Furnace Bottoms 

Glass manufacturers experience major catastrophic leaks primarily through furnace bottoms. From 

radar perspective, furnace bottoms are multi-layer refractories that are constructed differently 

based on the type of the furnace, and glass produced. In this section, we will provide examples of 

using SmartMelter radar technology to monitor furnace bottoms.  

In monitoring furnace bottoms, SmartMelter FTS sensor is primarily employed. This sensor is 

shown to sense up to 600mm (2ft) into the furnace bottom to identify any potential glass 

penetration into the bottom refractory layout (see Figure 3). 
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Figure 3 SmartMelter FTS Sensor is Used in Bottom Inspection 

The inspection of furnace bottom first starts between mapping the bottom into the SmartMelter 

software and labelling each section. Once this is complete, the user follows the SmartMelter 

guided handheld computer to collect the radar data and process the data for 3-D visualization of 

the glass penetration at the furnace bottom. Figure 4 shows 3-D visualization of glass penetration 

in float furnace bottom. This particular furnace has a 12in (300mm) thick clay flux followed by 

AZS paver. In this case, the SmartMelter radar senses up to Clayflux-AZS interface and 

visualizes any glass penetration. In this case, the glass is about 150mm away from the cold 

surface, demanding immediate maintenance action to slow down the penetration process. This 

furnace has been monitored for about a year and the glass penetration has been significantly 

slowed down with proper maintenance.  

  

Figure 4 SmartMelter 3-D Visualization of Glass Penetration into Float Furnace Bottom 
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Identifying Metal Infiltration into Furnace Bottom 

Cullet use has obvious energy savings for the glass manufacturers. However, it comes with a 

major risk of metal contamination. A common challenge when using recycled glass in the 

manufacturing process is monitoring the metal pieces that remain attached to the cullet. As these 

pieces hit the bottom of the furnace, they begin drilling. This creates a path for a major 

production disruption. In partnership with a major container glass manufacturer, we performed 

tests to determine whether SmartMelter radar could be used to map the metal infiltration in 

furnace bottom to assess the extent of metal infiltration. 

The furnace that was chosen for this test was known for major metal infiltration. During the tests, 

one can spot metal pieces sticking out of the fiber board. Figure 5 shows the refractory layout of 

the furnace bottom. We first took radar measurements at relatively minimal risk areas to 

determine how deep SmartMelter radar could sense. Our measurements indicated that we could 

sense all the way up to Vision layer (25.5 in or 650 mm) into the furnace bottom.  

 

Figure 6 (a) shows the area of inspection, which was 3m x 8m. Figure 6 (b) shows the metal 

infiltration mapping into the bottom where color corresponds to the depth of the metal 

infiltration. Figure 7 demonstrates the metal infiltration mapping in the IFB layer. Note that once 

the SmartMelter radar identifies metal on a certain layer, it is unable to see pass that metal layer 

because radar waves cannot penetrate through metal. In other words, these visualizations are the 

 

(a)                                                             (b) 

Figure 5 (a) Container Glass Furnace Bottom Refractory Configuration (b) SmartMelter 

Inspection for Mapping of Metal Infiltration  

Thickness Refractory
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3” 748 RAM
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3” 2300 IFB

3” 2300 IFB
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visualization of the metal infiltration from the perspective of someone looking at the bottom with 

entire refractory being transparent. In other words, radar sees the metals inside the furnace 

bottom as a human eye would see looking from the bottom with entire refractories being 

transparent like an air. This view gives the manufacturers where the most of the metal infiltration 

is and address areas of concern with proper maintenance planning.  

 

 

Risk Assessment of Steel Covered Furnace Bottoms 

One factor that previously hindered the use of SmartMelter was the steel covering on some 

furnace bottoms, primarily in Container glass industry. Because radar is unable to see through 

steel, SmartMelter was not able to analyze these furnaces. However, through a recent partnership 

with a major container glass manufacturer, we developed a new protocol. First, the customer 

uses an IR sensor to identify high temperature areas. These areas are marked, and a small section 

is cut out just in the steel to allow for radar to see through the remaining refractories. Figure 8 

 

(a)                                                                (b) 

Figure 6 (a) Inspection Area in the Furnace (b) Color Mapping of Metal Infiltration with 

Depth 

 

 

    

Figure 7 Mapping of Metal Infiltration in IFB Layer 
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below shows the identification of high-temperature spots and the small cut-out that is used to 

give SmartMelter access to the furnace bottom. At the areas of elevated risk, SmartMelter radar 

was used to determine the level of glass penetration at each opening. Figure 9 shows the extent 

of glass penetration at each opening. Especially, in areas 31 and 32, the glass penetration has 

reach into the legral layers. The SmartMelter software provides the actual penetration depth of 

glass penetration at each spot along with a 3-D mapping. The manufacturer uses this snapshot of 

the glass penetration to monitor the glass penetration and also make appropriate decisions on 

maintenance of the furnace bottom. After this risk assessment mapping of the furnace, the 

manufacturer scheduled the furnace bottom for ceramic welding.  

  

Figure 8 (a) Red Rectangle Spots to Measure with Radar (b) Small Cut-outs in the Steel 

 

 

  

Figure 9 Risk Assessment Map by SmartMelter® Inspection 
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SIDEWALL THICKNESS MONITORING 

SmartMelter is heavily used on furnace sidewalls to facilitate smart maintenance decisions. 

Because deterministic data on refractory thickness is now available, techniques such as overcoats 

can be delayed until they are needed, ultimately extending furnace life. Evaluation of 

SmartMelter data can also identify weak areas to target with cooling techniques. This solution 

can also be used to optimize maintenance schedules, moving more work into regular operational 

down-times and eliminating production interruptions during busy months. Using specific 

information about where vulnerabilities exist, maintenance can be applied when and where it is 

needed most. 

Fused Cast AZS Metal (Glass) Line Thickness Mapping 

Metal (Glass) Line thickness mapping is a commonly used application of SmartMelter to 

optimize overcoat timing and ensure proper maintenance on the sidewalls. Figure 10 shows 

inspection of Metal line with SmartMelter RTS sensors. SmartMelter inspections do not require 

any change in operation of the furnace. The user simply touches the sensor on the wall and takes 

measurement. Depending on the width of the soldier blocks, the user typically takes 2-3 

measurements on each block. For 450mm wide block, the inspections are done on the left, center 

and right sections of the block to monitor thickness along the width of each block.  

Figure 11 shows the erosion profile on the metal line of an oxy-fuel container glass furnace. 

SmartMelter has been monitoring  this furnace for over a year with periodic inspection. Figure 

11 indicates that the sidewalls nearby the right doghouse experiences significant increase in 

erosion than the rest of the furnace. The glass manufacturer investigated the root cause of the 

problem and found out that there was room in improving the batch operations in the furnace and 

took corrective actions to slow down the pace of erosion in the affected areas.  

 

       

Figure 10 Metal Line Measurement with SmartMelter® Sensors 
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Figure 11 Metal Line Thickness Map: Localized Erosion on the Right Sidewall of a 

Container Glass Furnace 
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High Zirconia Thickness Mapping 

High Zirconia refractories are primarily used in specialty and high-end glass manufacturing 

where glass is melted at high temperatures and the glass content is more corrosive. Typical 

erosion pattern on these furnaces is slightly different than what is seen on container, float and 

tableware furnaces. The erosion focuses more towards the middle of the block as shown in 

Figure 12. The SmartMelter RTS sensor is used at the metal line and shown to measure up to 

150mm-250mm depending upon the type of the High Zirconia (ie. Scimos CZ vs. U vs UZ). FTS 

sensor is used on Siliminate insulation that is backing High Zirconia and shown to measure up to 

125mm into the High Zirconia. When a metal grating is used on Siliminate, the sensor’s ability 

to sense into High Zirconia decreases up to 50 mm. What this means is that the SmartMelter is 

able to tell exact thickness up to upper limits (250mm, 125mm and 50mm). If the thickness is 

higher than the upper limit, it will state “thickness is higher than 250mm or 125mm or 50mm. 

 

SmartMelter is also used in Electric furnaces for Specialty Glass. In this case, the entire sidewall 

is made out of High Zirconia with no insulation. The thickness map of the sidewall from top to 

the bottom indicates that the profile of the erosion is such that it mostly occurs in the middle of 

the block due to the process used in this electric furnace (see Figure 13). As SmartMelter can 

monitor these thicknesses, the manufacturer is able to closely follow the issues with the furnace 

and address proper maintenance.  

 

Figure 12 High Zirconia Sidewall and SmartMelter® Sensor Measuring into High Zirconia through 

Direct Contact, Contact through Sillimanite and Grating on Sillimanite 
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OTHER CRITICAL FURNACE AREAS 

CROWN THICKNESS MONITORING  

SmartMelter has the capability to measure through Silica, enabling manufacturers to monitor 

furnace crowns.  SmartMelter radar is used to assist the endoscopy inspection. In other words, it 

is used as radar-assisted endoscopy to build more accurate assessment of crowns. Endoscopy 

identifies areas of concern and SmartMelter radar is used to on these areas of concern to map the 

residual thickness of the crown.  

 

 

Figure 14 SmartMelter® Measurements Performed at Furnace Crowns 

s 

 

 

Figure 13 Sidewall Erosion Profile of High Zirconia Refractory Measured on an Electric 

Furnace that Makes Specialty Glass 

 



12 

 

THROAT THICKNESS MONITORING  

Throats are one of the highest wear areas in container, tableware and specialty glass furnaces. 

SmartMelter RTS sensors are used to measure the thickness of facer and cover blocks in the 

throat. Figure 15 (a)  shows the SmartMelter RTS Sensor measurement on facer block and the 

corresponding thickness measurements are shown in Figure 15 (b). SmartMelter radar 

technology enables manufacturers to prioritize the timing of the overcoat and avoid catastrophic 

failures in throats.  

 

CONCLUSIONS AND FUTURE WORK 

 

The accuracy of the SmartMelter solution is creating a new industry standard for furnace asset 

management. Equipped with deterministic data about furnace health, glass manufacturers are now 

able to make firm decisions regarding operations, production yield, and maintenance. Confident 

end-to-end planning can be performed to reduce interruption and prevent catastrophic incidents. 

Glass manufacturers can finally push their furnaces to maximum productivity while protecting 

both personnel and assets, making risk management an easier task. As the industry is becoming 

more familiar with the capabilities of SmartMelter solution, the industry is finding more innovative 

ways to use SmartMelter radar technology to solve specific issues in furnace life optimization. The 

technology is currently being tried to address other problems glass manufacturers experience in 

furnace superstructure, regenerators, distribution, feeders  and forehearts.  

 

  

(a)                                      (b) 

(b)  

 
Figure 15 (a) Thickness Measurement on Throat Facer Block (b) Corresponding Spot 

Thicknesses 


